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Description 

COMPACT LED MODULE AND PROJECTION DISPLAY 

ADOPTING THE SAME 
Technical Field 

[1] Apparatuses consistent with the present invention relate to a compact ligfit source 

module and a projection display adopting the compact li^it source module and, more 
particularly, to a compact ligjit source module using a li$it source such as a ligfit 
emitting diode and a projection display adopting the compact li$it source module. 

Background Art 

[2] FIG. 1 shows the structure of a conventional projection display. Referring to FIG. 

1, the conventional projection display includes liquid crystal display (LCD) panels 
20R, 20G, and 20B which are optical modulators, an illumination unit 10 which 
irradiates li^it onto the LCD panels 20R, 20G, and 20B, and a projection lens 40 
which magnifies and projects a modulated image. 

[3] The LCD panels 20R, 20G, and 20B modulate red (R), green (G), and blue (B) 

beams, respectively, to be suitable for respective image data so as to display a color 
image. Reference numeral 30 denotes a synthesizing prism which combines the 
modulated R, G, and B beams and then irradiates the combined beam onto the 
projection lens 40. 

[4J The illumination unit 10 includes a li$rt source 1, an integrator 3, a condenser lens 

4, a plurality of mirrors 5R, 5G, and 5B, and a plurality of relay lenses 7 and 8. 

[5] The ligjit source 1 may be a metal halide lamp or a super-hi^i voltage mercury 

lamp and is located at a focal point of a reflective mirror 2 with a parabolic surface. 
The integrator 3 is used to irradiate a uniform beam onto the LCD panels 20R, 20G, 
and 20B and generally made of two fly-eye lenses in which micro-lenses are two- 
dimensionally arrayed. A ligit beam, which has passed throu^i the integrator 3, is 
condensed by the condenser lens 4. The mirrors 5R, 5G, and 5B are selective reflector 
mirrors which reflect the R, G, and B beams, respectively, and transmit other color 
beams. A ligit beam is split into the R, G, and B beams via the mirrors 5R, 5G, and 
5B, respectively, and then the R, G, and B beams are incident on the LCD panels 20R, 
20G, and 20B, respectively, througi the relay lenses 7 and 8. 

[6] The LCD panels 20R, 20G, and 20B modulate the R, G, and B beams, respectively, 

so as to output R, G, and B color images. The synthesizing prism 30 combines the R, 
G, and B beams output from the LCD panels 20R, 20G, and 20B into one, and then the 
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projection lens 40 magnifies and projects the combined beam. 
Disclosure of Invention 

Technical Problem 

[7] However, in such a conventional projection display, a lamp is used as a light 

source to illuminate optical modulators and has a short life span. Therefore, when the 
conventional projection display is used at homes, the lamp should be frequently 
replaced with new one. Also, the li^it source is a large size. In order to solve these 
problems, studies on the use of compact light sources such as a li$it emitting diode 
(LED) with a relatively long life span, etc. are in progress. Japanese Patent Publication 
No. JP 2001-42431 discloses a projection device using an LED. 

[8] FIG. 2 shows the LED structure of a Luxeon Emitter manufactured by IUMILEQS 

Company. Referring to FIG. 2, a dome lens 62 as one of primary optics is installed i 
over an LED chip 61. The dome lens 62 condenses a light beam emitted from LED 
chip 61. 

[9] The light beam, which has passed throu^i the dome lens 62, has a li$it intensity 

distribution as denoted by reference character CI or C2 of FIG. 3. In a graph of FIG. 3, 
the widthwise axis denotes a radiation angle and the lengthwise axis denotes a relative 
intensity of li$it. The li^it intensity distributions CI and C2 are wing-shaped and 
gently dome-shaped, respectively, within the radiation angle between 0 0 and ± 90 ° . 
However, the radiation angle should be between 0 0 and ±15° to illuminate the optical 
modulators 20R, 20G, and 20B. Therefore, a ligit beam with a light intensity dis- 
tribution above the radiation angle between 0 ° and ±15°, i.e., a portion of the li^it 
beam with the li$it intensity distribution CI or C2 above the radiation angle between 0 
0 and ±15°, fails to illuminate the optical modulators 20R, 20G, and 20B and thus is 
lost. As a result, light efficiency deteriorates. 

[10] To prevent such loss of li$it, the conventional projection display includes 

secondary optics which condenses a light beam emitted from an LED before ir- 
radiating the li^it beam onto the optical modulators 20R, 20G, and 20B so that the 
light beam has a ligjit intensity distribution as denoted by reference character C3 of 
FIG. 3. As a result, the additional use of the secondary optics makes an illumination 
system of the conventional projection display complicated and increases cost of manu- 
facturing the illumination system. 

[11] In general, an LED emits a smaller amount of light than a metal, halide lamp or a 

super-high voltage mercury lamp. Thus, the conventional projection display uses an 
array of LEDs as a light source. In this case, secondary optics is necessary. However, 
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since the secondary optics has to be lenses, ligjit condensing efficiency deteriorates. 
This will be explained in more detail with reference to FIGS. 4A and 4B. 

In a paraxial area, the product of the size and angle of an image is conserved. Thus, 
the product of the emission area of an LED and the steradian of the emission angle of 
the LED is a conservation valuewhich is called an 'etendue'. When the etendue is less 
than the product of the area of a LCD panel and a steradian calculated from an F value 
of a projection lens, the ligjht condensing efficiency increases. 

As shown in FIG. 4A, when one LED is used, the product of the emission area <J> 
and the steradian of the LED may be equal to the product of the emission area <i> 
and the steradian U of the LCD panel. > 

As shown in FIG. 4B, when an array of LEDs is used, the emission area E<E> of the 

L 

array of LEDs is larger than the emission area O of the LED of FIG. 4A. Here, the 

L 

steradian of the emission angle of the array of LEDs is equal to the steradian U of 
the LED of FIG. 4A, and the emission area O p of an LCD panel is equal to the 
emission area of the LCD panel of FIG. 4A. Therefore, in order to conserve the 
etendue, the steradian U p 1 of the emission angle of the LCD panel of FIG. 4B is larger 
than the steradian U of the LCD panel of FIG. 4A. Accordingly, when the array of 
LEDs as shown in FIG. 4B is used, ligit is lost, resulting in decreasing li^it 
condensing efficiency and the luminance of the projection display. 

Technical Solution 

Apparatuses consistent with the present invention provide a compact li^it source 
module including a collimator to collimate a ligit beam emitted from a compact light 
source sudi as an LED so as to efficientiy irradiate the li^it beam onto an object 
within the range of a radiation angle, and a projection display adopting the compact 
li$it source module. 

According to a non-limiting, exemplary aspect of the present invention, there is 
provided a compact light source module including: a compact ligit source; and a 
collimator that includes a parabolic first reflective surface to reduce a radiation angle 
at which a li^it beam radiates from the compact ligit source, so as to emit the li^it 
beam throu^i a side aperture and a second reflective surface which is located under the 
first reflective surface and includes an incident portion througi which the ligit beam 
radiates from the compact ligfrt source. The compact li^it source is located in the 
vicinity of a focal point of the first reflective surface. 

The invention also contemplates a reflective index matching member disposed 
between the compact li^it source and the collimator. A reflective index of the 
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reflective index matching member is smaller than that of the compact light source and 
greater than that of the collimator. 

[18] According to another aspect of the present invention, there is provided a projection 

display including an illumination unit, an optical modulator to modulate a ligjit beam 
radiating from the illumination unit to be suitable for image data, and projection optics 
to magnify and project the ligfit beam emitted from the optical modulator. The il- 
lumination unit includes at least one compact light source module. The at least one 
compact li^it source module includes a compact li$it source and a collimator 
including a parabolic first reflective surface to reduce a radiation angle at which a ligfrt 
beam radiates from the compact light source, so as to emit the ligfrt beam through a 
side aperture and a plane second reflective surface which is located under the first 
reflective surface and includes an incident portion througfi which the li^it beam 
radiates from the compact li$it source. The compact light source is located in the 
vicinity of a focal point of the first reflective surface. 

[19] According to still another aspect of the present invention, there is provided a 

compact li^it source module including: a compact ligjit source; and a collimator 
including a parabolic first reflective surface to reduce a radiation angle at which a ligjit 
beam radiates from the compact light source, so as to emit the light beam through a 
side aperture. The compact light source is located in the vicinity of a focal point of the 
first reflective surface. 

[20] According to yet another aspect of the present invention, there is provided a 

projection display including an illumination unit, an optical modulator to modulate a 
li$it beam radiating from the illumination unit to be suitable for image data, and 
projection optics to magnify and project the li^it beam emitted from the optical 
modulator. The illumination unit includes: a compact light source; and a collimator 
including a parabolic first reflective surface to reduce a radiation angle at which a li^it 
beam radiates from the compact ligit source, so as to emit the li$it beam throu^i a 
side aperture. The compact li$it source is located in the vicinity of a focal point of the 
first reflective surface. 

Advantageous Effects 

[21] The compact light source module can include a parabolic first reflective surface to 

collimate a ligit beam radiating from a ligfrt source so as to efficiently illuminate an 
object at a radiation angle. Further, the compact light source module can include a 
second reflective surface to minimize loss of li$it so as to improve li^it efficiency. 
The compact li^it source module can further include a third reflective surface to 
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reflect a ligit beam, which radiates from the ligjit source at a radiation angle so as not 
to be incident on the first reflective surface, toward the first reflective surface. Thus, 
li^it collimating efficiency can be improved. In addition, the second reflective surface 
may incline to realize a compact light source module with an aperture of a small size. 
As a result, a larger number of compact li$it source modules can be arrayed in a pre- 
determined space, and thus brighter illumination light can be obtained. 

Also, a collimator can be filled with a coolant to prevent the radiation charac- 
teristics of the li^it source from deteriorating due to heat. The collimator can be 
formed of a transparent body to achieve matching of refractive indexes. When the light 
source modules are arrayed, a plurality of collimators may form a single body or may 
have the same aspect ratio as optical modulators. The compact li$it source modules of 
the present invention are applicable to various types of illumination devices such as a 
projection display, an electric li$it panel, a backli^it panel of a flat panel display 
(FPD), etc. 

The projection display of the present invention does not need to include secondary 
optics. Thus, an illumination unit can be simplified and ligjit efficiency can be 
improved. Since the light source has a relatively longer life span than a metal halide 
lamp or a super-hi^i voltage mercury lamp, the light source does not need to be 
frequently replaced with new one. As a result, the projection display can be simplified. 

Description of Drawings 

FIG. 1 is a view showing the structure of a conventional projection display; 

FIG. 2 is a schematic view showing the structure of a conventional LED; 

FIG. 3 is a graph showing the relationship between the radiation angle and li^it 
intensity of an LED; 

FIGS. 4A and 4B are views for explaining light condensing efficiency of an il- 
lumination system using a lens; 

FIG. 5 is an exploded perspective view of a compact ligjit source module, 
according to an embodiment of the present invention; 

FIG. 6 is a cross-sectional view taken along line H' of FIG. 5; 

FIG. 7 is a cross-sectional view of a compact ligjit source module, according to 
another embodiment of the present invention; 

FIG. 8 is a cross-sectional view of a compact light source module, according to still 
another embodiment of the present invention; 

FIG. 9 is a cross-sectional view of a compact li$it source module, according to yet 
another embodiment of the present invention; 
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FIGS. 10 through 13 are cross-sectional views and a perspective view of compact 
li$it source modules using a transparent body, according to different embodiments of 
the preset invention; 

FIG. 14 is a graph showing the result of a simulation of a light intensity distribution 
with respect to an emission angle of a li$U beam emitted from the compact light 
source module of FIG. 1 1 ; 

FIGS. 15 and 16 are schematic views showing the structures of projection displays 
using a transmissive optical modulator and a reflective optical modulator, respectively, 
according to embodiments of the presenting invention; 

FIGS. 17 through 20 are views showing various types of arrays of compact light 
source modules, according to different embodiments of the present invention; and 

FIG. 21. is a graph showing the result of a simulation of a light intensity distribution 
with respect to an emission angle of a light beam emitted from an array of light source 
modules of FIG. 20. 

Best Mode 

FIG. 5 is an exploded perspective view of a compact light source module, according 
to an embodiment of the present invention, and FIG. 6 is a cross-sectional view taken 
along line l-T of FIG. 5. Referring to FIGS. 5 and 6, an LED 200 is used as the 
compact ligfrt source. A collimator 101 is prepared on the LED 200. The LED 200 
includes an LED chip 201 which emits a li$it beam. Although not shown, the LED 
200 further includes a heat emitter which emits heat generated from the LED chip 201, 
and an anode and a cathode which supply the LED chip 201 with a current In the 
present embodiment, the LED 200 does not include the dome lens 62 of FIG. 2. This 
does not limit the scope of the present invention. The structure of the LED 200 is well 
known to one of ordinary skill in the art and thus is not explained herein. 

The collimator 101 has a side aperture 120, A first reflective surface 130 and a 
second reflective surface 150 to reflect li^it beams are prepared on the inner surface of 
the collimator 101. The first reflective surface 130 is parabolic. The second reflective 
surface 150 is located under the first reflective surface 130, and includes an incident 
portion 110 through which a light beam radiates from the LED 200. In this 
embodiment, preferably but not necessarily, the second reflective surface 150 is plane. 
For example, as shown in FIGS. 5 and 6, the incident portion 1 10 may penetrate 
throu^i a panel 170 on which the second reflective surface 150 is formed. 

As described above, the first reflective surface 130 is defined to have a parabolic 
shape. The term 'parabolic' denotes not only a strict parabolic shape whose conic co- 
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efficient K is 1, but also an aspherical shape whose conic coefficient K is in the range 
of ?0.4 to ?2.5, preferably, ?0.7 to ?1.6. The conic coefficient K for the first reflective 
surface 130 can be adequately determined as any value in the aforementioned range so 
that li$U emitted from a compact lijfit source is collimated to have a radiation angle 
range that enables the li$n to effectively illuminate an object. An example where the 
first reflective surface 130 has a strict parabolic shape whose conic coefficient K is 1 
will now be described. 

[41] The LED 200 is arranged so that the LED chip 201 is located in the vicinity of a 

focal point Fl of the first reflective surface 130. It is preferable that the LED 200 is 
arranged so that its optical axis 202 is almost perpendicular to a principal axis 140. 
However, the present invention is not restricted thereto. 

[42] Referring to FIG. 6, li$it beams radiate from the LED 200 at radiation angle A 

between 0 ° and 180 0 and are incident on the first reflective surface 130. In the present 
embodiment, the radiation angle A is defined counterclockwise from the principal axis 
140, and the first reflective surface 130 is parabolic. Thus, a li^it beam LI radiates at a 
greater radiation angle A than aperture angle B, and is reflected from the first 
reflective surface 130 to be parallel with the principal axis 140, and emitted througi 
the side aperture 120. A ligit beam L2 radiates from the LED 200 at smaller radiation 
angle A than the aperture angle B and is not incident on the first reflective surface 130 
but directly emitted througi the side aperture 120. Thusi the li^it beam L2 is emitted 
through the side aperture 120 at emission angle C between 0 ° and the aperture angle 
B. As a result, the collimator 101 collimates a ligfit beam, which radiates from the 
LED 200 at radiation angle A between 0 ° and 180 °, so as to be emitted at the 
emission angle C between 0° and the aperture angle B. The aperture angle B may be 
adjusted with respect to an illumination angle at which a compact ligit source module 
is to illuminate an object. 

[43] In the present embodiment, it is assumed that the LED 200 is a point ligit source 

with a radiation point which radiates light beams via the focal point Fl. However, the 
LED 200 is not exactly the point source but a surface light source with a pre- 
determined radiation area. Therefore, the li^it beams radiating from the LED 200 may 
be regard as radiating in the vicinity of the focal point Fl. As a result, a portion of ligit 
beams emitted from the LED 200 may be reflected from the first reflective surface 130 
toward the second reflective surface 150 not toward the side aperture 120. The second 
reflective surface 150 serves to receive the beam portion from the first reflective 
surface 130 and then reflect the beam portion toward the side aperture 120 so as to 
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improve ligfit efficiency. 

[44] FIG. 7 is a cross-sectional view of a compact ligjit source module, according to 

another exemplary embodiment of the present invention. Referring to FIG. 7, a 
collimator 102 further includes a third reflective surface 160. The third reflective 
surface 160 is formed at the edge of the incident portion 1 10 to reflect a li$it beam 
radiating at smaller radiation angle A than aperture angle B. A li$it beam L3 radiates 
from the LED 200 at smaller radiation angel Al than the aperture angle B and is 
reflected from the third reflective surface 160 toward the first reflective surface 130. 
Thus, althou^i the li^it beam L3 radiates in the vicinity of the focal point Fl of the 
first reflective surface 130, the ligfit beam L3 is regarded as radiating from point E in- 
tersecting the third reflective surface 160. Therefore, the light beam L3 is reflected 
from the first reflective surface 130 not to be parallel with the principal axis 140. 
However, the light beam L3 may be emitted at an emission angle CI smaller than the 
initial radiation angle Al. As a result, li$it collimating efficiency can be improved. 

[45] In the present embodiment, the panel 170 is formed of a transparent material. In an 

exemplary embodiment, except for the incident portion 110 through which a li$it 
beam radiates from the LED 200, the inner or outer surfaces of the panel 170 are 
coated with a reflective material so as to form the second and third reflective surfaces 
150 and 160. In general, when ligjit beams travel from a medium with a high refractive 
index to a medium with a low refractive index, ligjit beams radiating at greater incident 
angles than a critical angle are totally reflected due to a difference between the higfr 
and low refractive indexes. As the difference between the refractive indexes of the two 
media increases, a larger amount of li^it is totally reflected. The interior of the 
collimator 102 of FIG. 7 is filled with air. The panel 170 may be formed of transparent 
plastic or glass with a refractive index hi^ier than air and lower than a material of 
which the LED chip 201 is made, so as to serve as a refractive index matching material 
which reduces a difference between the refractive indexes of the LED chip 201 and air. 

[46] FIG. 8 is a cross-sectional view of a compact li$it source module, according to still 

another embodiment of the present invention. Referring to FIG. 8, the second 
reflective surface 150 inclines with respect to the principal axis 140 of the first 
reflective surface 130 at angle D. The LED 200 is installed so that the optical axis 202 
is substantially or almost perpendicular to the second reflective surface 150. As a 
result, the optical axis 202 of the LED 200 inclines with respect to the principal axis 
140 of the first reflective surface 130 at the angle D. Due to this structure, the size of 
an aperture of a collimator 103 can be reduced. Reference character AP2 denotes the 
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size of the aperture of the collimator 103. Reference character API denotes the size of 
the apertures of the collimators 101 and 102 of FIGS. 5 and 7 in which the second 
reflective surface 150 is parallel with the principal axis 140. As shown in FIG. 8, the 
size AP2 of the aperture of the collimator 103 is smaller than the size API of the 
apertures of the collimators 101 and 102, The reduction in the size of an aperture is ad- 
vantageous to arraying a plurality of compact li$it source modules. 

Meanwhile, the interiors of the collimators 101,102 and 103 shown in FIGS. 5 
throu^i 8 are filled with air. Thus, heat is generated when the LED 200 emits a li^it 
beam. However, heat may have a negative effect on the radiation-characteristics of the 
LED 200. 

FIG. 9 is a cross-sectional view of a compact ligfrt source module, according to yet 
another embodiment of the present invention. Referring to FIG. 9, the interior of a 
collimator 104 is filled with a coolant. For this purpose, the LED 200 acheres to the 
collimator 104 so that the coolant leaks out of the collimator 104. A cover glass 190 
may be installed at a side of the collimator 104 throu^i which a ligfrt beam is emitted. 
The coolant may be benzene, glycerin, methyl alcohol, or the like. 

FIGS. 10 through 12 are cross-sectional views of compact li^it source modules, 
according to different embodiments of the present invention. These embodiments are 
characterized in that a collimator is formed of a transparent body. 

Referring to FIG. 10, a transparent body 310 includes a parabolic outer surface 
301, a plane lower surface 302, and a side surface 303. It is preferable, but not 
necessary, that the lower surface 302 includes a principal axis 140. The LED 200 is 
installed so that the LED chip 201 is located at a focal point Fl of the outer surface 
301. The outer surface 301 is coated with a reflective material so as to serve the first 
reflective surface 130 to reflect ligit beams radiating from the LED 200. The lower 
surface 302 is coated with a reflective material expect area G throu^i which the ligit 
beams radiate from the LED 200, so as to serve as the second reflective surface 150. 
The area G serves as the incident portion 1 10. Due to this structure, the transparent 
body 310 serves as the collimator 101 of FIG. 5. Hereinafter, the transparent body 310 
is referred to as a collimator. 

Referring to FIG. 1 1, a transparent body 320 includes the parabolic outer surface 
301 and the plane side surface 303. A lower surface of the transparent body 320 
includes first and second surfaces 321 and 322 with a step and an incline plane 323 . 
which forms a boundary between the first and second surfaces 321 and 322. The outer 
surface 301 is coated with a reflective material so as to serve as the fust reflective 
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surface 130 to reflect light beams radiating from the LED 200. The first surface 321 is 
coated with a reflective material except the area G througi which the ligit beams 
radiate from the LED 200. The second surface 322 and the incline plane 323 are also 
coated with a reflective material. The first and second surfaces 321 and 322 serve as 
the second reflective surface 150. The area G operates as the incident portion 1 10. The 
incline plane 323 functions as the third reflective surface 160 of FIG. 7. As a result, the 
transparent body 320 operates as the collimator 102 of FIG. 7. Hereinafter, the 
transparent body 320 is referred to as a collimator. 

[52] Referring to FIG. 12, a collimator 340 has the same structure as the collimator 103 

of FIG. 8 except that the collimator 340 is formed of a transparent body. The first and 
second surfaces 321 and 322 serve as the second reflective surface 150 and incline 
with respect to the principal axis 140 of the outer surface 301 at angle D. Thus, a side 
surface 304 of the collimator 340 is smaller than the side surfaces 303 of the 
collimators 310 and 320 of FIGS. 10 and 11. 

[53] Althou^i not shown, a reflective index matching member may be disposed 

between the LED 200 and the collimators 310, 320, 330, 340 of FIGS. 10 througi 13. 
A reflective index of the reflective index matching member is smaller than that of the 
LED 200 and greater than that of the collimators 310, 320, 330, 340. 

[54] An array of compact light source modules may be used^as a li$it source. Here, it is 

preferable, but not necessary, that a plurality of collimators adhere closely to one 
another. For this purpose, as shown in FIG. 13, a collimator 330, which includes the 
outer surface 301 with plane adherent surfaces 331 at its both sides, may be used. In a 
case where a compact light source module adopting the collimator 330 is used as a 
li$it source, nearly rectangular illumination ligit can be obtained. The adierent 
surfaces 331 are applicable to the collimators shown in FIGS. 5 througi 12. 

[55] FIG. 14 is a graph showing the result of a simulation of the relative intensity of 

li^it with respect to an emission angle of a ligit beam emitted through the side surface 
303 of the collimator 320 of FIG. 11. As can be seen in FIG. 14, the relative intensity 
of light is concentrated within the emission angle of ± 20 ° . Collimating efficiency of 
the collimator 320 can be observed by comparing the relative light intensity of the 
present invention with the light intensity distributions CI and C2 of the graph of FIG. 
3. 

[56] As described above, a radiation angle of a light beam radiating from a compact 

li$it source can be changed into an angle at which a li$it beam is to be efficiently 
incident on an object. The change in the radiation angle results in improving li^it 
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efficiency. In addition, when a compact ligjit source module is used as a light source, 
secondary optics does not need to be installed in an illumination device. Thus, loss of 
li^it caused by the secondary optics can be prevented and the illumination device can 
be simplified. 

[57] Although it has been described in the above-described embodiments of the present 

invention that an LED is used as a compact ligfrt source, various types of ligjit sources 
may be used. For example, various types of compact li$it sources such as an organic 
electric luminescent (EL) device, a laser, etc. may be used. 

[58] FIG. 15 is a schematic view of a projection display, according to an embodiment of 

the present invention. In general, an optical modulator to modulate illumination ligjit to 
be suitable for image information is rou^ily classified into a transmissive optical 
modulator and a reflective optical modulator. In the present embodiment, the 
projection display adopts the transmissive optical modulator. 

[59] Referring to FIG. 15, the projection display includes LCD panels 410 which are 

used as transmissive optical modulators, illumination units 400 which illuminate the 
LCD panels 410, and projection optics 420 which magnifies and projects li$U beams 
modulate by the LCD panels 410. In the present embodiment, the projection display 
includes three LCD panels 410R, 410G, and 410B to modulate R, G, and B beams, re- 
spectively. Reference numeral 421 denotes a synthesizing prism to combine the 
modulated R, G, and B beams into one. The LCD panels 410, may be for example, 1 
inch wide and long compact liquid crystal panels. The illumination units 400 are 
installed with respect to the respective LCD panels 410R, 410G, and 410B so as to 
illuminate the LCD panels 410R, 410G, and 410B, respectively. It is preferable that 
the illumination units 400 irradiate the R, G, and B beams onto the LCD panels 410R, 
410G, and 410B, respectively. 

[60] FIG. 16 is a schematic view of a projection display, according to another 

embodiment of the present invention. In the present embodiment, the projection 
display adopts a reflective optical modulator. 

[61] Referring to FIG. 16, the projection display includes a digital micromirror device 

(DMD) 430 which is a reflective optical modulator, an illumination unit 400 which il- 
luminates the DMD 430, and projection optics 440 which magnifies and projects li#it 
beams modulated by the DMD 430. In the present embodiment, the projection display 
uses one DMD 430 to sequentially modulate R, G, and G image signals. In this case, 
the illumination unit 400 sequentially radiates the R, G, and B beams onto the DMD 
430. Reference numeral 441 denotes a total internal reflection (TIE) prism which 
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reflects a li^it beam emitted from the illumination unit 400 toward the DMD 430 and 
transmits the ligit beam modulated by the DMD 430 toward the projection optics 440. 

The illumination units 400 of FIGS. 15 and 16 include ligit sources 403 and in- 
tegrators 401 which make the intensities of li^it beams radiating from the light sources 
403 uniform, so as to uniformly illuminate the entire optical modulators 410 and 430. 
The illumination units 400 may further include relay lenses 402 which guide light 
beams emitted from the integrators 401 to the optical modulators 410 and 430. The in- 
tegrators 401 may be fly-eye lenses, rectangular parallelepiped glass rods, rectangular 
parallelepiped optical tunnels and internal reflective surfaces, or the like. 

The compact light source modules shown in FIGS. 5 through 13 may be used as 
the ligit sources~403. When one compact light source module radiates an amount of 
li$it sufficient for the projection display, the one compact li$it source module may 
replace the ligit sources 403. However, the compact light source module generally 
radiates a smaller amount of light than a metal halide lamp or a super-hij^i voltage 
mercury lamp. Therefore, it is preferable, but not necessary, that the light sources 403 
are a two-dimensional array of a plurality of compact light source modules. 
Hereinafter, for convenience sake, a compact ligjit source module 501 or 502 shown in 
FIG. 1 1 or 13 will be described. 

FIGS. 17 through 20 show various types of arrays of ligjht source modules. 
Referring to FIG. 17, three compact li^it source modules 501 are arrayed in four rows. 
Here, an aspect ratio H:V of an aperture of the array of compact li$it source modules 
501 is preferably equal to an aspect ratio of an aperture of the optical modulators 410 
and 430. 

Referring to FIG. 18, compact li^it source modules 501 are arrayed so that 
compact ligjit source modules 501 in an upper row overlap a portion of compact li$it 
source modules 501 in a lower row. In other words, the compact light source modules 
501 zigzag. As a result, this structure can contribute to obtaining uniform illumination 
ligit 

[66] Referring to FIG. 19, compact ligit source modules 501 are arrayed so that the first 

reflective surfaces 301 of the collimators 320 in two upper rows Ml and M2 face the 
first reflective surfaces 301 of the collimators 320 in two lower rows M3 and M4. 
Thus, uniform illumination light can be obtained due to this structure. Also, since the 
parabolic first reflective surfaces 301 face inward and the plane second surfaces 322 
face outward, illumination li^it having the same aspect ratio as the aspect ratio of the 
optical modulators 410 and 430 can be obtained. 
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[67] As can be seen in FIG. 20, three compact li$it source modules 502 are arrayed in 

six rows. The compact ligjtt source modules 502 in each row are arrayed so that the 
acherent surfaces 331 of the collimators 330 adhere closely to one another. In addition, 
the parabolic first reflective surfaces 301 face inward, and the plane second surfaces 
322 face outward. Thus, the second surfaces 322 are located at the upper and lower 
sides of the aiTay of compact ligfit source modules 502, and the acherent surfaces 331 
are located at the ri^it and left sides of the array of compact li^it source modules 502. 
As a result, the array of compact li#it source modules 502 has a rectangular shape. 
This structure can contribute to obtaining illumination li#it having the same aspect 
ratio as the aspect ratio of the aperture of the optical modulators 410 and 430. 

[68] In the embodiments of FIGS. 17 througi 20, collimators of compact ligfrt source 

modules in the same row may form a signal body. In this case, the compact li^it 
source modules are arrayed as shown in FIG. 20. Also, the compact ligit source 
modules shown in FIGS. 8 and 12 have the apertures with lower aspect ratios than the 
aspect ratio of the apertures of the compact li^it source modules shown in FIGS. 5, 6, 
7, 9, 10, 1 1, and 13. Accordingly, when compact ligfrt source modules as shown in 
FIGS. 8 and 12 are arrayed, a larger number of compact ligfit source modules may be 
arrayed than vrfien compact ligit source modules as shown in FIGS. 5, 6, 7, 9, 10, 11, 
and 13 are arrayed. As a result, bri^iter illumination li$it can be obtained. 

[69] FIG. 21 is a graph showing the result of a simulation of the relative intensity of 

li^it with respect to an emission angle of a li^it beam emitted from the array of li^it 
source modules of FIG. 20. As can be seen in FIG. 21, the li^U beam with the relative 
ligit intensity of about 25% is concentrated within the emission angle of ± 15 0 . 
Therefore, additional secondary optics does not need to be used for collimating. 

[70] As described above, in a projection display using a compact ligit source module, 

according to the present invention, a li^it beam can radiate from the compact li$it 
source module at an effective radiation angle so as to efficiently illuminate the optical 
modulators 410 and 430. Thus, since the projection display does not require secondary 
optics used for collimating, an illumination unit can be quite simplified. Also, dete- 
rioration of the ligit condensing efficiency caused by the fundamental limitation of an 
optical system in using a lens can be avoided. Therefore, ligit efficiency can be 
improved. 

Industrial Applicability 

[71] Apparatuses consistent with the present invention relate to a compact li$U source 

module using a li$it source such as a li$it emitting diode and a projection display 
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adopting the compact light source module. The projection display of the present 
invention does not need to include secondary optics. Thus, an illumination unit can be 
simplified and ligjit efficiency can be improved. Since the ligit source has a relatively 
longer life span than a metal halide lamp or a super-hi^i voltage mercury lamp, the 
li$it source does not need to be frequently replaced with new one. As a result, the 
projection display can be simplified. 
[72] While the present invention has been particularly shown and described with 

reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 
following claims. 
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Claims 

[1] 1. A compact ligjit source module comprising: 

a compact li$it source; and 
a collimator whidi comprises, 

a parabolic first reflective surface to reduce a radiation angle at which a li^it 
beam radiates from the compact li$it source, so as to emit the li^it beam 
throu^i a side aperture, and a 

second reflective surface which is located under the first reflective surface and 
comprises an incident portion through v^ich the li^it beam radiates from the 
compact \i$\t source, 

wherein the compact li^it source is located in the vicinity of a focal point of the 
first reflective surface. 

[2] 2. The compact li$it source module of claim 1, wherein the compact li^it source 

has an optical axis and is arrayed so that the optical axis is perpendicular to a 
principal axis of the first reflective surface. 

[3] 3. The compact ligit source module of claim 1, wherein the second reflective 

surface inclines with respect to the principal axis of the first reflective surface at 
an inclination angle so that the size of the side aperture is reduced, and the 
compact li^it source is disposed so that its optical t axis inclines with respect to 
the principal axis at the same inclination angle as the inclination angle of the - 
second reflective surface. 

[4] 4. The compact li$it source module of claim 1, wherein the collimator further 

comprises a third reflective surface at an edge of the incident portion to reflect, 
toward the first reflective surface, a ligrt beam which radiates from the compact 
ligit source at a greater radiation angle than an aperture angle of the side 
aperture. 

[5] 5. The compact li$it source module of claim 1, wherein an internal space 

between the first and second reflective surfaces is filled with a coolant. 

[6] 6. The compact light source module of claim 1 , wherein the collimator has a 

transparent body which comprises a parabolic outer surface, a plane lower 
surface, and a side surface to emit a li^it beam, the parabolic outer surface and 
the plane lower surface being coated with a reflective material except the 
incident portion to form the first and second reflective surfaces. 

[7] 7. The compact li$it source module of claim 6, wherein the collimator comprises 
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two sides which respectively are plane acherent surfaces. 

[8] 8. The compact li$it source module of claim 6, wherein the collimator further 

comprises an incline plane to form a boundary between the lower surface and the 
incident portion, the incline plane being coated with a reflective material to form 
a third reflective surface which reflects, toward the first reflective surface, a li$it 
beam which radiates from the compact li^it source at a greater radiation angle 
than an aperture angle of the side aperture. 

[9] 9. The compact li$it source module of claim 8, wherein the collimator comprises 

two sides which respectively are plane adherent surfaces. 

[10] 10. The compact light source module of claim 1, further comprising a reflective 

index matching member disposed between the compact li^it source and the 
collimator, wherein a reflective index of the reflective index matching member is 
smaller than that of the compact ligjit source and greater than that of the 
collimator. 

[11] 1 1. A projection display comprising an illumination unit, an optical modulator to 

modulate a li^it beam radiating from the illumination unit to be suitable for 
image data, and projection optics to magnify and project the ligfit beam emitted 
from the optical modulator, the illumination unit comprising: 
at least one compact ligfrt source module that comprises a compact ligjit source 
and a collimator, said collimator comprising, 

a parabolic first reflective surface to reduce a radiation angle at which a li$it 
beam radiates from the compact ligfit source, so as to emit the ligfit beam 
through a side aperture, and 

a second reflective surface which is located under the first reflective surface and 
comprises an incident portion througi which the ligjit beam radiates from the 
compact li$it source, 

wherein the compact ligfrt source is located in the vicinity of a focal point of the 
first reflective surface. 

[12] 12. The projection display of claim 11, wherein the compact ligjit source has an 

optical axis and is arrayed so that the optical axis is perpendicular to a principal 
axis of the first reflective surface. 

[13] 13. The projection display of claim 1 1, wherein the second reflective surface 

inclines with respect to the principal axis of the first reflective surface at an in- 
clination angle so that the size of the side aperture is reduced, and the compact 
li$it source is disposed so that its optical axis inclines with respect to the 
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principal axis at the same inclination angle as the inclination angle of the second 
reflective surface. 

[14] 14. The projection display of claim 1 1, wherein the collimator further comprises 

a third reflective surface at an edge of the incident portion to reflect, toward the 
first reflective surface, a ligfit beam which radiates from the compact ligjit source 
at a greater radiation angle than an aperture angle of the side aperture. 

[15] 15. The projection display of claim 11, wherein an internal space between the 

first and second reflective surfaces is filled with a coolant. 

[16] 16. The projection display of claim 11, wherein the collimator has a transparent 

body which comprises a parabolic outer surface, a plane lower surface, and a 
side surface to emit a ligfrt beam, the parabolic outer surface and the plane lower 
surface being coated with a reflective material except the incident portion to 
form the first and second reflective surfaces. 

[17] 17. The projection display of claim 16, wherein the collimator comprises two 

sides which respectively are plane adherent surfaces. 

[18] 18. The projection display of claim 16, wherein the collimator further comprises 

an incline plane to form a boundary between the lower surface and the incident 
portion, the incline plane being coated with a reflective material to form a third 
reflective surface which reflects, toward the first reflective surface, a li^it beam 
which radiate from the compact li^it source at a greater radiation angle than an 
aperture angle of the side aperture. 

[19] 19. The projection display of claim 18, wherein the collimator comprises two 

sides which respectively are plane adherent surfaces. 

[20] 20. The projection display of claim 11, wherein the compact ligfit source module 

further comprises a reflective index matching member disposed between the 
compact li$it source and the collimator, a reflective index of the reflective index 
matching member is smaller than that of the compact ligjht source and greater 
than that of the collimator. 

[21] 21. The projection display of claim 11, further comprising a plurality of compact 

light source modules which are two-dimensionally arrayed. ' 

[22] 22. The projection display of claim 21, wherein the plurality of compact ligjn 

source modules are arrayed so that an aspect ratio of an aperture of the plurality 
of compact li^it source modules is. equal to an aspect ratio of an aperture of the 
optical modulator. 

[23] 23. The projection display of claim 21, wherein compact li^it source modules in 
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a row are arrayed among compact li$it source modules in an adjacent row. 
[24] 24. The projection display of claim 21, wherein collimators of a plurality of 

compact li^it source modules in a row form a single body. 
[25] 25. A compact li^it source module comprising: 

a compact ligjit source; and 

a collimator comprising a parabolic first reflective surface to reduce a radiation 
angle at which a light beam radiates from the compact lijfit source, so as to emit 
the li^it beam throu^i a side aperture, 

wherein the compact li^it source is located in the vicinity of a focal point of the 
first reflective surface. 

[26] 26. A projection display comprising an illumination unit, an optical modulator to 

modulate a lijfit beam radiating from the illumination unit to be suitable for 
image data, and projection optics to magnify and project the li$it beam emitted 
from the optical modulator, the illumination unit comprising: 
a compact li$it source; and 

a collimator comprising a parabolic first reflective surface to reduce a radiation 
angle at which a light beam radiates from the compact ligfrt source, so as to emit 
the li^it beam throu^i a side aperture, 

wherein the compact li$it source is located in the vicinity of a focal point of the 
first reflective surface. 
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